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Specification 

1. Title of Invention 

Purification method of polluted water and its equipment 

2. Scope of Patent Claims 

1. The purification method of polluted water is characterized in 
that the soil or filled earth layer is maintained in its poor 
aeration state by the consumption of the oxygen in the polluted 
water, by supplying the polluted water into the soil or filled 
earth layer that is mixed with the metal iron, the denitrif ication 
process is carried out effectively by improving the activity of the 
denitrifying bacteria. 

2'. The purification method of polluted water is characterized in 
that the polluted water is passed through the water permeable and 
aerated soil or filled earth layer, the ammonia state nitrogen in 
the polluted water is nitrified, the denitrif ication process is 
carried out with the soil or filled earth layer mixed in with the 
metal iron. 

3. The purification method of polluted water of Claim 1 or 2 is 
characterized with not only the mixing in of the metal iron but 
also a carbon source. 

4. The soil type of purification equipment is characterized with 
the placement of the combination of some blocks or layers of water 
permeable and aerated soil or filled earth and some blocks or 

l 1 Numbers in the margin indicate pagination in foreign text. 
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layers of soil or filled earth that were mixed with the metal iron, 
these are placed directly below the polluted water supply source. 
3. Detailed explanation of the invention 
[Industrial field of use] 

The invention pertains to a processing method of polluted 
water, it pertains to a new method and the equipment used for the 
processing of a large quantity of polluted water using soil, the 
nitrogen and phosphorus that contained in polluted water such as in 
sewage, ammonia water, dish water, etc, exit from a household are 
processed. 
[Prior Art] 

The problems in the soil purification method that was offered 
conventionally and the properties required for the soil are 
outlined in the 3 points given below. 

(1) The water permeation is too high, it is difficult for blockage 
to occur. 

(2) Phosphoric acid is absorbed such as the active aluminum and 
iron, the content of chemical compound is high. 

Z2 

(3) In order to have a good aerated soil for the nitrification of 
ammonia nitride, a poorly aerated soil layer must coexists so as to 
supply the required carbon source for the denitrif ication action by 
the organisms, the polluted water must be able to pass through at 
a sufficient speed and there is sufficient permeation through both 
layers of soil. 

In order to satisfy the above requirements, the inventor 



combine a soil layer that have excellent aeration and water 
permeation (the layer of soil is made up of sand, sandy soil, 
zeolite particles: this is known below as "good aeration and water 
permeation layer") and a soil layer that is rich in active iron, 
carbon source and active aluminum that have poor aeration and water 
permeation (black rock, red clay : known below as "difficult water 
permeation and poor aeration soil"). Various soil purification 
methods and equipment were developed using these requirements (for 
example, Patent Publication No. 60 - 52729, Patent Publication No. 
61 - 212386) . 

Furthermore, as shown in figure 4, a vessel consists of a 
difficult water permeation and poor aeration soil layer 16 and a 
difficult water permeation and poor aeration soil layer are formed 
as the soil block 17 that are stuffed inside bag 13, the problems 
encountered in the implementation are resolved. Also, the material 
used for the vessel and bag are such as wood and jute. The 
denitrif ication capability is improved significantly by using the 
high carbon ratio (C/N ratio) of these materials (Patent 
Publication No. 61 - 10730). 
(The problems resolved by the invention) 

For the conventional multilayer soil purification method as 
described above, several problems exist in the difficult water 
permeation and poor aeration soil layers (the soil blocks) . That 
is, in particular, the requirements in the water permeation and 
soil aeration must be satisfactory in order for the nitrification 
of the ammonia nitride to be successful. 



In contrast to this, in the difficult water permeation and 
poor soil aeration, the supply of the carbon source must be 
sufficient for the denitrif ication action by the microorganisms so 
when considering the poor aerated soil layer, there should be high 
level of microorganism activity (denitrifying bacteria) and 
stabilization of the denitrif ication capability. That is, the 
nitrogen purification capability depends on the denitrif ication 
reaction speed of the denitrifying bacteria. The polluted water 
passes through the edge of the blocks and it does not pass through 
the difficult water permeation and the poor aeration soil layer. 
Therefore, when the flowing in rate (l/m2. day) is increased, the 
purification rate is reduced as the flow rate at the edge parts are 
increased. Also, when the flow in load is fixed, the purification 
capability is proportional to the thickness of the multilayer soil 
but as the capacity of the load (l/m2. day) is fixed, the thickness 
of the soil layer is thick (for example, twice as thick), the flow 
in load amount is increased (for example, twice as much), the 
purification rate is decreased. Therefore, the capacity (l/m2. 
day) of the processed polluted water in the equipment is increased 
so the surface area is increased. Thus, the implementation site is 
limited, the cost of production is high so the implementation of 
this method is limited. 
[Means for resolving the problems] 

The purpose of the invention is to resolve the above problems, 
by using the improved soil (known below as "easy water permeation 
and poor aerated soil") mixed with iron instead of the difficult 



water permeation and poor aerated soil which have an important 
effect on the denitrif ication action, the processing of the 
purification is improved, the activity of the denitrifying bacteria 
is improved, the denitrif ication capability is improved 
significantly. 

That is, when the metal iron such as the reduction iron comes 
into contact with the water containing air, the small amount of 
iron ions are eluted due to the oxidation action of the oxygen in 
the air in the middle region. By using this phenomenon, the soil 
layer is kept in the poorly aerated atmosphere by consuming the 
oxygen in the polluted water, the activity of the denitrifying 
bacteria is improved. In addition, the water permeation of the 
poor aeration soil region is improved, the denitrif ication action 
is improved. 

The metal iron is not limited to pure iron. Also, reduction 
iron is preferred since it is reactive but the use is not limited 
to this. The form of the metal iron is preferred in the particle 
form since it is easy to treat and melt. The size is preferred in 
the range of 5 - 20 mesh. 

The usage proportion of the metal iron is determined by 
experiment or it is calculated based on the amount of polluted 
water being processed, the soluble oxygen amount and the 
concentration of the nitrogen in the source water (the polluted 
water) and also the size of the iron metal and the purity of the 
metal iron. For the case of the iron particle content, it is 
preferred in the range of 4 - 6 %, in particular, it is usually in 

6 



the range of 2 - 10 wt. I. If this is less, the denitrif ication 
efficiency is reduced. If it is more, there is the problem of the 
elution of the iron ions. 

Z3 

Furthermore, the iron ion produced from the melting of the 
metal iron is deposited and bond with the phosphoric acid ions, 
excellent effect is displayed in the removal of the phosphor. 

An example of the soil that makes up the easy water permeation 
and poor aerated soil is such as sand, sandy soil, loamy soil, fine 
particles volcanic ash, coarse particles of brown petrified wood. 
Also, the examples of the filling material used instead of the soil 
used is the man made or natural particles such as zeolite particle 
and perlite, vermiculite, etc. In addition, pulverized plastic can 
be used. When the amount of the carbon content in the filling 
material and the soil are low, the carbon source that can be mixed 
in are such as jute, wheat, leaves from tree, other plants, these 
types of material with high carbon ratio (C/N ratio) are mixed in. 

The soil with easy permeation and poor aeration are filled 
into the equipment, the soil is stuffed into a vessel and bag which 
has good water permeation property, this is a type of soil block 
and works extremely easily. Also, the usage amount of the soil 
with good aeration and easy water permeation depends on the content 
of the metal iron so the difference in the specific weight of the 
metal iron and soil is calculated. Also, the material used for the 
bag and vessel have high carbon rate (C/N ratio), for example, wood 
material and jute, therefore, the denitrif ication capability is 



improved. 

On the other hand, an example of the soil with poor aeration 
and easy water permeation to be filled in between the block or the 
aforementioned soil with easy water permeation and good aeration is 
such as sand and sandy soil. In addition, other types of filling 
materials are such as zeolite particles to be filled in the soil 
with poor aeration and easy water permeation. 

The important role of the soil with good aeration and easy 
water permeation is so that the polluted water can have good 
contact, be dispersed and penetrates effectively in the block of 
soil in the layers of soil with good aeration and easy water 
permeation and also the equipment is not blocked up, the water 
permeates quickly. Also, with the soil of good aeration and easy 
water permeation, this acts as a means for odor removal, 
nitrification and decomposition of organic matter, such as the SS 
component, the BOD and COD components. Therefore, it is important 
to have good aeration in the soil and the water permeation is easy 
in the soil (for example, the water saturation permeation 
coefficient is greater than 10" 2 - 10" 3 ) . In this case, it is 
preferred that to promote the water permeation, sand and plants, 
wood of suitable size can be mixed into the soil. 

When zeolite is used in the soil of good aeration and water 
permeation, zeolite can hold the ammonium ion well. The absorbed 
ammonium ion is converted into nitric acid after the action of the 
nitrifying bacteria, it is separated from the zeolite particle. 
Then, the ammonium ion is reabsorbed and the whole process is 
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repeated. The holding time of the nitrogen in the equipment is long 
so it is an effective process in the removal of the nitrogen. In 
addition, CEC of large zeolite is nitrified and the buffer action 
can be maintained against the pH reduction of the polluted water. 
Therefore, microorganisms in the system can be protected. 
[Action] 

In addition, as shown in the model in figure 1, the polluted 
water supplied from the polluted water distribution pipe 1 (source 
water) (A) used as the polluted water supply source received 
removal action and aeration decomposition by the organism of the SS 
component and the BOD and COD components due to the filtration 
action and the absorption by the soil and the nitrification 
decomposition action of the organism in the soil made up of layer 
2, the sand and sandy soil. Also, it is nitrified due to the 
action of the nitrifying bacteria and ammonia nitride, this becomes 
the processed water (B) . 

A part of this processed water (B) is evaporated from the 
surface of the layer 2 but a large part is penetrated heavily into 
the purification layer 4 below the trench 3. The purification 
layer 4 is the pile up layer (it is layer 2 in the diagram) made up 
of the layer 6 with poor aeration and easy water permeation and 
layer 5 of good aeration and easy water permeation. The 
purification layer 4 consists of the soil layer 6 of poor aeration 
and easy water permeation filled into a bag made from jute, the 
blocks of soil of poor aeration and easy water permeation is placed 
with spaces on the left and right, front and back and top and 
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bottom, soil layer 5 of good aeration and easy water permeation are 
filled in these spaces. 

The processed water (B) permeated into the soil layer 5 of 
good aeration and easy water permeation is placed under oxidation 
condition, this receives nitrification action and good organism 
decomposition similar to soil layer 2. Furthermore, when zeolite 
is used, ammonia state nitrogen is solidified and nitrified. 

JA 

Next, the processed water (B) is permeated into soil layer 6 
of poor aeration and easy water permeation. It is placed in contact 
with a reduction agent such as iron, the following reaction is 
generated. 

Fe (monomer) ...> Fe... 

Thus, a large amount of the oxygen in the processed water (B) 
and easy permeation water and poorly aerated soil 6 are consumed. 
The whole layer of easy water permeation and poorly aerated soil 6 
is kept in the poorly aerated state due to this action, the 
activity of the denitrifying bacteria is improved. Therefore, the 
N02 and the N03 - N (nitric acid state nitrogen) in the processed 
water (B) is converted to N2 and N20 by the denitrifying bacteria 
when the middle layer of the soil layer 6 is permeated in the 
downflow, the denitrif ication is carried out effectively. Also, 
with this process, the phosphoric acid in the processed water (B) 
(positive and poly) becomes a precipitate of iron phosphate 
reacting with the iron ion Fe2 ( + ) in the easy water permeation and 
poorly aerated soil, this is absorbed and solidified into the 



middle layer of the soil layer 6. 

The nitrogen component and the phosphor that are removed 
largely are added to these organic matter such as the SS component, 
the BOD and the COD components, this purified water (C) is 
collected into the water exhaust layer 7, this is exhausted into 
the outside of the equipment via the exhaust pipe 8. 
[Implementation example] 

Next, the invention is explained in detail based on the 
implementation example shown in the diagrams. 

Figure 2 show an example of the polluted water purification 
equipment of the laboratory model pertaining to the invention. This 
polluted water purification system 9 consists of various soil in 
the tank 10 made from acrylic of inner dimension measuring a height 
of 10 cm, length 45 cm and depth of 45 cm. That is, the soil layer 
2 is arranged with the polluted water exhaust pipe 1 from the upper 
part, the middle part is the purification layer 4, the bottom part 
becomes the water exhaust layer 7 combined with the exhaust water 
pipe 8. Fill piece 11 is filled into the water exhaust layer 7. 
The symbol 12 is a net. 

The water permeation and good aerated soil 5 (thickness 5 mm) 
in the purification layer 4 and the soil layer 2 (thickness of 5 
cm) use the zeolite particles (2 - 3 mm diameter) . 

On the other hand, iron particles (10 - 20 mesh) in the sandy 
are used as the easy water permeation and poorly aerated soil layer 
6 are mixed together at 5 % . The content of the active iron and the 
active aluminum of this improved easy water permeation and poorly 



aerated soil layer 6 is 0.1 % and 5.3 % (the dry weight standards) . 
Then, the easy permeation water and poorly aerated soil 6 are 
filled (200 g) into the jute bag 13 measuring 3 cm x 5 cm x 10 cm 
(one part 3 cm x 2.5 cm x 10 cm). The easy water permeation and 
poorly aerated soil block 14 is arranged in a space of 5 mm to the 
bottom and top and left and right of the above soil layer. The soil 
block 14 of each layer is arranged about 2.5 cm that contact and 
permeates the processed water (B) sufficiently. The soil block 14 
that is arranged with 9 layers having a total block of 77. 

This jute bag 13 is made into a unit not only filled with easy 
permeated water and poorly aerated soil but also can be a mesh unit 
that exists at the edge of the good aerated soil and poorly aerated 
soil. The permeation and movement of the water are possible in the 
direction that is at the contact edge of both layers. Also, this 
jute bag 13 has carbon rate (C/N ratio) that is high (normally 
above 50), it becomes the carbon source for the denitrifying 
bacteria. Furthermore, an example was given for the structure of 
the aforementioned polluted water purification equipment 9 and the 
element shape of the soil block 14 but the invention is not limited 
to these. 

Furthermore, the polluted water from source water (A) (N03 - 
NH40 mg/1 + P04 - P 20 mg/1) are supplied at a proportion of 1 
1/day to the polluted water purification equipment 9. The 
experiment is performed for a continuous period of 1 month from 
September 1986 (Japanese year of showa 61) . The result (average 
value) that is satisfactory is above 99 % in T-N and T-P as shown 
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in Table 1. Furthermore, the supply amount of 1 1/day with this 
equipment corresponds to the flow load amount of 2.5 l/m2. 

Next, the same results were obtained by conducting a similar 
polluted water purification experiment using the equipment shown in 
figure 4, the results are shown in Table 1 of a conventional 
example. The conventional polluted water purification equipment 15 
is filled with black rocky soil layer 16 instead of the easy water 
permeation and poorly aerated soil 6 used in the equipment of the 
invention of figure 2, the only different points are the use of 
difficult water permeation soil and poorly aerated soil block 17, 
the rest of the structure remain the same. Furthermore, the 
content (dry content standard) of the active iron and the active 
aluminum in the black rocky soil is 5.6 % and 0.6 %. 

Comparison example 1 pertains to the water exhaust pipe 8 
similar to that of the aforementioned implementation example, it is 
in the state (i) of figure 4. The source water supply of 1 1/day is 
supplied continuously for 3 months. The numerical value of Table 
1 is the average value. The T - N concentration of the polluted 
water (C) is increased as time elapsed, the purification ability in 
3 months is reduced significantly. 

Z5 

In comparison example 2, source water is supplied continuously 
for a period of 2 months at a water load of 1 1/day similar to 
comparison example 1. 
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Table 1 
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Keys : 

1 - inflow water quality 

2 - upper level water exhaust quality (mg/1), lower level removal 
rate (%) 

3 - implementation example, 4 - comparison example 1, 5 - 
comparison example 2 

6 - remarks 

7- 3 months 

8- 1 1/day, 3 months 

9- 1 1/day, 2 months, overflow water 

That is, in this case, the water exhaust pipe 8 is in the 
state of (ii) of figure 4 and the purified layer 4 is used in the 
overflow water state (poor aerated state) . As a result, T - N in 
the purified water is reduced to about 5 mg/1 and then rise up 
again. After 2 months, the purification ability of T-N is reduced 
significantly. Furthermore, the removal rate of T - P is above 99 
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% for both comparison examples 1 and 2. 

As observed from the results of the comparison examples, the 
target process water quality of T-N of the purified water (C) in 
the conventional equipment is 10 mg/1 and over a long period of 
time, the in flow rate is 25 l/m2 . day. 

Table 2 
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Keys : 

1 - inflow water quality 

2 - inflow rate 

3 - remarks 

4 - upper level water exhaust quality (ml/1), lower level removal 
rate (%) 

5- 1 month 

6- 1 month 

7- 2 weeks 

8- 2 weeks 
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9-2 weeks 

Next, an experiment is conducted to study the inflow rate with 
the equipment of the invention. That is, the supply amount of 
source water (A) from May 1987 (Japanese year showa 62) is 
increased, the degree of purification of the purified water (C) 
obtained is investigated. The result (the average value in each 
period) is shown in Table 2. 

Furthermore, the equipment 9 uses the same structure as the 
aforementioned implementation example. The source water (A) uses 
artificial polluted water ( N03 - N36.6 mg/1 + P04 - P21.4 mg/1) . 
The supply is carried out for 3 months continuously according to 
the remarks shown on the Table. Also, the inflow rate (l/m2. day) 
in Table 2 is calculated per m2 of the supply amount in this 
equipment. When the result show the target process quality is 10 
mg/1 of the T-N of the purified water (C) in the equipment of the 
invention, the inflow rate of 250 l/m2 . day, this have good 
processing speed for sufficient purification. The implementation 
example have shown that the purification is sufficient and the 
implementation area and cost are improved. 

The equipment shown in the above implementation example uses 
the soil block where the easy water permeation and poorly aerated 
soil layer 6 is filled in the jute bag 13 but the use is not 
limited to this. For example, as shown in figure 3, the water 
permeation and the well aerated soil 5 and the easy water 
permeation and poorly aerated soil layer 6 are multilayered (2 
layers shown in the diagram) , this displays sufficient 



denitrification ability with the polluted water purification 
equipment 18. 

This polluted water purification equipment 18 is filled with 
fill piece 19 surrounding the polluted water exhaust pipe 1 and net 
20 is arranged with purification layer 4. The upper part of 
purification layer 4 becomes the water permeation and the well 
aerated soil 5, zeolite, sandy soil and sand can be used for this 
layer. The lower part of purification layer 4 becomes the easy 
water permeation and the poor aerated soil layer 6, sandy soil and 
sand can be used for this layer, 5 % of these are mixed in the soil 
layer. In addition, substance with high carbon rate (C/N ratio) is 
mixed as the carbon source. The polluted water tank and the 
polluted water trough becomes the supply source of the polluted 
water. 

The most important points of the invention are that the 
purification layer 4 is obtained by combining the soil blocks and 
the layer of permeation water and well aerated soil layer 5 and the 
easy water permeation and poorly aerated soil layer 6 and a 
reduction agent is mixed in such as iron particles in the soil 
which have excellent water permeation, this is the easy water 
permeation and poorly aerated soil layer 6. However, the parts in 
the polluted water purification equipment is not limited to these 
layers . 

Z6 

[Effect of Invention] 

As described above, the polluted water purification method of 
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the invention uses the soil of easy water permeation and good 
aeration that were mixed with a reduction agent in the soil of good 
water permeation. The denitrif ication effect is improved 
significantly with the improvement of the activity of the 
denitrifying bacteria. The poor aeration in the soil layers is 
improved by the consumption of the oxygen in the polluted water 
that was supplied to the soil layers. 

In addition, this easy water permeation and poorly aerated 
soil is mixed with the water permeation and good aerated soil in 
the soil layers, the nitrogen in the ammonia state is nitrified at 
the same time, ^th e organic matter are removed and decomposed, the 
organic matter are such as the SS component in the polluted water 
in the water permeation and good aeration soil are decomposed. 

Therefore, it is possible to improve the poorly aerated and 
water permeated soil and a large volume of polluted water can be 
processed so a high volume operation is possible. Since the 
equipment for processing is more compact, the cost of production is 
low and the selection of an implementation site is simplified, an 
excellent effect for implementing this method is obtained. 

Also, the polluted water purification equipment of the 
invention uses sand and sandy soil as the soil with poor aeration 
and since iron particles are used as the reduction agent, the cost 
of this process is inexpensive and implementation of this process 
is simple, a soil layer of excellent water permeation is obtained, 
a large amount of polluted water can be processed with this compact 
system. Also, when the easy water permeation and poorly aeration 
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soil is arranged in a block in a jute bag, the proportion of the 
water permeation soil and the reduction agent can be mixed 
uniformly, an easy water permeation and poorly aerated soil are 
mixed as a single unit, the advantage here is the simplification of 
the purification system. 
4. Brief explanation of the diagrams 

Figure 1 is a structure for explaining the polluted 
purification theory of the invention. Figure 2 is a cross section 
of the system showing an example of the polluted water 
purification eguipment used in the laboratory pertaining to the 
invention, (a) is the longitudinal cross section and (b) is the 
cross section at X-X of (a) . Figure 3 is a cross section of 
another system showing an example of the polluted water 
purification equipment used in laboratory pertaining to the 
invention, (a) is the longitudinal cross section and (b) is the 
cross section at Y-Y of (a) . Figure 4 is a cross section of a 
system showing a comparison example of the polluted water 
purification equipment used in the laboratory pertaining to the 
invention, (a) is the longitudinal cross section and (b) is the 
cross section at Z-Z of (a) . 

1 - polluted water exhaust pipe 

2 - soil layer 

4 - purification layer 

5 - water permeation and good aerated soil 

6 - easy water permeation and poor aerated soil 



9,18 - polluted water purification system 

13 - jute bag 

14 - easy water permeation and poorly aerated soil block 
A - polluted water (source water) 

B - processed water 
C - polluted water 
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Figure 1 




NH4+ - N03- (nitrification) 
NH4 + solid 

NH4 + . .>N03- (nitrification) 
P04 - P solid 



N03 ..>N2,N20 (denitrif ication) 
Figure 2 

(a) 



(b) 
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Figure 4 

(a) 



(b) 
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